Background and aims-The mechanisms of hypoxia-induced tumor growth remain unclear. Hypoxia induces intracellular translocation and release of a variety of damage associated molecular patterns (DAMPs) such as nuclear HMGB1 and mitochondrial DNA (mtDNA). In inflammation, Toll-like receptor (TLR)-9 activation by DNA-containing immune complexes has been shown to be mediated by HMGB1. We thus hypothesize that HMGB1 binds mtDNA in the cytoplasm of hypoxic tumor cells and promotes tumor growth through activating TLR9 signaling pathways.
Introduction
Hepatocellular carcinoma (HCC) is one of the most common malignancies worldwide, ranking as the third most common cause of cancer-related deaths in the world [1] . One of the main reasons for the poor prognosis of many patients with HCC is due to the aggressive and high proliferative activity of HCC cells, which results from the up-regulation of multiple signaling pathways [2] . Significant evidence links cancer development and progression to the continuous oxidative stress and chronic inflammation found in the tumor microenvironment [3] . The hypoxic environment generated in the center of the HCC tumor can produce cell necrosis, which in turn releases damage associated molecular pattern (DAMP) proteins, such as High Mobility Group Box 1 (HMGB1) and mitochondrial DNA (mtDNA). These DAMP molecules interact with their receptors, triggering a proinflammatory signaling cascade that contributes to tumor progression. Though the underlying mechanisms linking hypoxia, inflammation, and cancer are far from clear, the imbalance of the microenvironment likely plays a key role.
HMGB1 is a chromatin-binding nuclear DAMP that has been implicated in both infectious and sterile inflammatory disease states, including cancer [4, 5] . Several studies have shown that HMGB1 is overexpressed in various solid tumors cancers and that elevated levels of HMGB1 may foster a chronic inflammatory state through the production of multiple inflammatory mediators [4] . We have previously reported that during hypoxia, HMGB1 translocates to the cytoplasm and is then actively secreted by HCC cells; and, extracellular HMGB1 can promote cancer invasion and metastasis through Toll-like receptor (TLR)-4 signaling [6] . HMGB1 within the cytosolic compartment can also serve as a sensor for nucleic acids and is required for a robust activation of innate immune response to nucleic acids in autoimmune diseases [7, 8] . Multiple receptors have evolved to recognize nucleic acids, in particular, TLR9, a pattern-recognition endosomal receptor, is involved in immune signaling and plays a crucial role in cell survival through recognition of various bacterial and viral nucleic components [9, 10] . HMGB1 has been shown to enhance the activation of this nucleic-acid-sensing TLR by binding to its respective ligands [11] .
The mitochondria is another cellular source of DAMPs. Examples of mitochondrial DAMPs that are released into the extracellular space during different types of cell death and tissue injury include mitochondrial DNA (mtDNA), cytochrome c, and mitochondria derived reactive oxygen species (ROS) [12, 13] . Human mtDNA is a 16.6 kb circular doublestranded DNA molecule, which encodes 13 polypeptides involved in respiration and oxidative phosphorylation. Of interest, both mtDNA mutations and mtDNA copies have been associated with cancer development and progression [14] . In addition, mtDNA can stimulate inflammatory responses through TLR9 when released into plasma as a consequence of acute trauma and injury [12] .
A more thorough understanding of the complex interactions between cancer cells, immune cells, DAMPs, and TLRs in the hypoxic setting is needed for the development of new strategies for cancer therapy. Therefore, in this study we demonstrate that hypoxic HCC cells quickly translocate HMGB1 and mtDNA to the cytosol. HMGB1 then binds to mtDNA to activate TLR9 signaling pathways. The activation of TLR-9 results in triggering of inflammatory and pro-tumorigenic signaling pathways, with subsequent increased cancer proliferation in vitro and heightened tumor growth in mice.
Materials and methods

Patient Samples, Cell lines, and Reagents
All materials used in this study were obtained under an approved Institutional Review Board protocol. Tumorous and adjacent nontumorous liver tissues (n=24) were collected from patients who underwent surgery for HCC at the University of Pittsburgh. Hepa1-6 and Huh7 cell lines were purchased from ATCC (Manassas, VA). Cells were transferred to hypoxia chamber with 1% O 2 if necessary.
Animals
Male wild-type (C57BL/6) mice (8-weeks-old) were purchased from Jackson Laboratories (West Grove, PA). Animal protocols were approved by the Animal Care and Use Committee of the University of Pittsburgh and the experiments were performed in adherence to the National Institutes of Health Guidelines.
Establishment of TLR9 Stable Knockdown Cells
One day before transfection, 2×10 5 cells were seeded onto 6-well plates. TLR9 shRNA was transfected into cells with Lipofectin 2000. After 24 h, transfected cells were spread onto 100-mm culture dish at 1:100 dilution. To select for stable transfectants, cells were cultured in DMEM with 10 μg/ml puromycin (Sigma-Aldrich) for 4 weeks. Clones with puromycin resistance were selected and expanded.
Flow cytometry analysis
Mitochondrial ROS was measured in cells by MitoSOX (Invitrogen) staining (5 μM for 15 min at 37°C) [15] . To measure mitochondrial mass, cells were stained with 25nM of MitoTracker Green FM and MitoTracker Deep Red FM (Invitrogen) (15 min at 37°C) [16] .
Determination of mtDNA copies mtDNA in cytosol was measured as described previously [17] . In summary, 1×10 7 cells were homogenized with a Dounce homogenizer in 100 mM Tricine-NaOH solution (pH 7.4) containing 0.25 M sucrose, 1 mM EDTA and protease inhibitor, then were centrifuged at 700 g for 1min at 4°C. Protein concentration and volume of the supernatant were normalized, followed by centrifugation at 10,000 g for 30 min at 4°C for the production of a supernatant corresponding to the cytosolic fraction. DNA was isolated from 200 μl of the cytosolic fraction. The copy number of DNA encoding cytochrome c oxidase I (COX I) was measured by quantitative real-time PCR with same volume of the DNA solution. The following primers were used: mouse COXI forward, 5′-GCCCCAGATATAGCATTCCC-3′; mouse COXI reverse, 5′-GTTCATCCTGTTCCTGCTCC-3′.
Chromatin immunoprecipitation (ChIP)
Hepa1-6 cells suffered from hypoxia for 24 h were collected (cell lysate group). The culture medium were also collected after Hepa1-6 cells treated with exogenous rhHMGB1 (1 μg/ml) plus mtDNA (medium containing 10 μg/ml mtDNA), and served as control (rhHMGB1-mtDNA group). ChIP was performed as described previously [18] . Purified DNA samples were normalized and subjected to PCR analysis. Mouse COXI gene were amplified using the same primer as listed above. PCR products were gel purified and sequenced using the same primers as were used for PCR.
Immunoprecipitation (IP)
Following treatment, whole lysate protein diluted in immunoprecipitation buffer [50mM 4-(2-hydroxyethyl)-1-piperazine ethanesulfonic acid, 0.5% Nonidet P-40, 150mM NaCl, 10% glycerol, 1mM EDTA]. Normal rabbit IgG was used as a negative control. Whole-cell lysates (400 μg) were incubated with 1μg anti-HMGB1 antibodies and 20μL protein A/Gbeads at 4°C overnight. Samples were washed with PBS and subjected to Western blot analysis.
Tumor models
Hepa1-6 cells (2×10 6 ) were subcutaneously implanted into the flanks of each mouse. The left flank was implanted with control tumor cells, whereas the right side was injected with the tested tumor cells. Tumor growth was monitored by the measurement of the length and width of the tumor with a caliper. Tumor sizes were calculated with the following formula: Size =Length×Width 2 ×(π/6). After the mice were sacrificed at 4 weeks, tumors were collected, photographed.
Statistical analysis
Data are shown as means±SEM. Data were pooled from at least three independent experiments to avoid possible variation of the cell cultures. For statistical analyses, Student's t test or one way analysis of variance test were employed and p < 0.05 was considered to be statistically significant.
Results
TLR9 is overexpressed in hypoxic HCC and promotes tumor growth
We have previously reported that TLR9 signaling pathways are involved in hepatic ischemia/reperfusion injury by promoting the expression of pro-inflammatory cytokines to induce immune responses and organ damage [19] . Accumulating data suggests that TLR9 is also associated with tumor progression [20, 21] ; however, the role of TLR-9 in tumor associated hypoxia and the resulting tumor growth remains unstudied. To explore the role of TLR9 in human HCC, we examined the expression of TLR9 and Hypoxia-induced Factor-1 alpha (HIF-1α) in 24 paired human HCC tissue samples and their corresponding non-tumor liver tissue by Western blot analysis and immunoflorescent staining. We found that expression of TLR9 and HIF-1α was higher in HCC tissues (Fig. 1A, B) . Since hypoxia is present in solid tumors including HCC, we examined whether hypoxia plays a role in inducing expression of TLR9 in HCC. Hepa1-6 cells and Huh7 cells, a murine and human HCC cell line, respectively, were cultured under normoxic or hypoxic conditions. After exposure to hypoxia, the expression of TLR9 was increased in a time dependent manner in both HCC cell lines (Fig. 1C) . To determine the role TLR9 signaling on tumor growth in vitro, an MTT assay was used. Hepa1-6 cells treated with a TLR9 agonist (ODN 1668, 1μM) displayed a significant increase in cell proliferation in a time-dependent manner compared with the vehicle control (Fig. 1D) . These results show that TLR9 is overexpressed in hypoxic cancer cells and stimulation of TLR9 enhances tumor growth.
Hypoxia induces mitochondrial damage and DAMP release to the cytosol
To elucidate the mechanisms behind hypoxia-driven tumor growth, we next investigated the intracellular DAMPs released during hypoxic stress that may interact with TLR9. Previous studies have shown that both cytoplasmic HMGB1 and mtDNA can activate TLR9 to elicit inflammatory responses [7, 13] . Mitochondrial DNA has been recently described as a DAMP; however, its role in cancer cells' response to stress and tumor progression remains unexplored. Subjecting tumor cells to hypoxia produced a greater abundance of swollen mitochondria with severely disrupted cristae in murine Hepa1-6 and human Huh7 HCC cells when compared to cells in normoxia ( Fig. 2A) . Further, we observed the release of cytochrome c from the mitochondria, as the levels of mitochondrial cytochrome c was decreased in the mitochondrial fraction of hypoxic Hepa1-6 and Huh7 cells (Fig. 2B) . There was also a simultaneous increase in the cytoplasmic portion of cytochrome c confirming that hypoxia induces not only structural damage but also functional changes in mitochondria. Mitochondria are particularly susceptible to damage induced by mitochondrial ROS, which are generated largely by the rate of electron flow through respiratory chain complexes [22] . We found that in hypoxia, cancer cells generated more mitochondrial superoxide anion radical (O 2 − ) than in normoxia, as detected by the fluorescence of MitoSOX (a mitochondrial superoxide indicator, Fig. 2C ), indicative of more mitochondrial ROS production and mitochondrial dysfunction [16, 23] .
We further assessed the functional mitochondria pool in HCC cells in normoxia and hypoxia through the use of MitoTracker DeepRed, a fluorescent probe sensitive to the mitochondrial inner transmembrane potential. To measure the total mitochondrial pool, we counterstained cells with MitoTracker Green, a probe that stains mitochondrial membrane lipids independently of membrane potential. Hypoxia induced a decrease in the percentage of intact mitochondria (positive for MitoTracker DeepRed and MitoTracker Green), from 78.6% to 60.4% of the total population (Fig. 2D ). H 2 O 2 treatment (500 μM) resulted in similar findings (Fig. 2D) ; and, as expected, ROS inhibitor N-acetyl cysteine (NAC) reversed this loss of intact mitochondria (Fig. 2D ). In addition, we found that hypoxia not only induced an increase in mitochondrial ROS but also promoted mitochondrial DNA translocation in a time dependent manner from the mitochondria to cytosol in HCC cells (Fig. 2E ). These data indicate that hypoxic HCC cells accumulated structurally and functionally abnormal mitochondria leading to translocation of mtDNA to the cytosol. Similar to the mitochondrial changes, hypoxia can also induce the translocation of HMGB1 from the nucleus to the cytoplasm in Hepa1-6 and Huh7 cells (Fig. 2F ).
Hypoxia induces HMGB1 and mtDNA translocation, binding, and activation of TLR9
Since hypoxia induces both HMGB1 and mtDNA translocation to the cytosol and HMGB1 has been shown to form a complex with nucleic acids [8] , we thus hypothesized that cytosolic HMGB1 can sense and bind to mtDNA to activate downstream signaling pathways. Because HMGB1 belongs to the HMGB proteins, it possesses a unique DNAbinding domain, the HMG-box, which can bind DNA structures with high affinity in a nonsequence specific manner. Thus, we believe that HMGB1 also binds to mtDNA in a nonsequence specific binding; and, in our experiments, we have decided to study the binding of HMGB1 to the specific mtDNA COXI gene to examine their interaction. Through chromatin immunoprecipitation (ChIP) assays that measure protein and DNA interactions and the sequence analysis of the 116 bp PCR product, we found that HMGB1 can bind to mtDNA COXI gene (Fig. 3A, Supplementary Fig. 1 ). To further confirm the co-localization of HMGB1 and mtDNA, we also performed immunofluorescent staining for HMGB1 and mtDNA. We used Picogreen stain, a dsDNA stain, for mtDNA as it colocalized with MitoTracker Deepred staining, a mitochondrial stain, under normoxic condition (Supplementary Fig. 2A ). As expected, HMGB1 translocates from the nucleus to the cytoplasm under hypoxic conditions. In addition, HMGB1 and mtDNA colocalized in HCC cells subjected to hypoxia (Fig. 3B ). Together these findings suggest that cytosolic HMGB1 localizes with and binds to mtDNA in HCC cells during hypoxia.
Immunoprecipitation assays showed that hypoxia induced the association of TLR9 with its downstream effector MyD88 and HMGB1 (Fig. 3C) , which indicates that hypoxia can initiate TLR9 activation in HCC cells through HMGB1. Since hypoxia can trigger both HMGB1 translocation and TLR9 activation, we examined the possible physical interaction between HMGB1 and TLR9. Hepa1-6 cells were treated with hypoxia, and the association of TLR9 with HMGB1 was assessed by immunofluorescent staining. We found that during normoxia most HMGB1 remained in the nucleus (Fig. 3D) . After exposure to hypoxia, the majority of HMGB1 co-localized with TLR9 in the cytosol (Fig. 3D) . Furthermore, since the redistribution of TLR9 from the ER to early endosomes is essential for TLR9 activation by DNA [24] , we investigated the relationship between TLR9 and the early endosome marker EEA1. We found that the colocalization of TLR9 and EEA1 was increased during hypoxia ( Supplementary Fig. 2B ). Interestingly, only the combined stimulation of HMGB1 and mtDNA resulted in considerable association between TLR9 and MyD88 as shown by IP, which did not occur after stimulation with either HMGB1 or mtDNA alone (Fig. 3E ). This suggests that HMGB1-mtDNA interactions are required for complete activation of the TLR9 signaling cascade.
HMGB1 and mtDNA activate TLR9 signaling pathways and promote tumor growth in vitro
We next sought to determine how the interaction of mtDNA-HMGB1 and TLR9 might activate tumor growth signaling pathways during hypoxia. Mitogen-activated protein (MAP) kinase pathways are evolutionary conserved pathways that link extracellular or intracellular signals to the machinery that controls fundamental cellular processes such as growth, proliferation, differentiation, and migration, which are all fundamental aspects of tumor development. The JNK family and p38 isoforms are strongly activated by environmental stresses and inflammatory cytokines and contribute to cancer cell growth [25] . In addition, NF-κB signaling can lead to suppression of apoptosis in response to stress and continue to proliferate [26] . We first evaluated the role of TLR9 in the activation of mitogen-activated protein (MAP) kinases. Phosphorylation of p38, JNK, and marked phosphorylation at serine 536 of the p65 subunit of NF-κB was amplified with TLR9 agonist treatment in Hepa1-6 cells (Fig. 4A) . When we subjected Hepa1-6 cells to hypoxia, MAP kinases were activated when compared to normoxic cancer cells (Fig. 4B) . The hypoxia driven activation was similar to the activation seen when adding a TLR9 agonist in Fig. 4A . Depletion of HMGB1 and mtDNA was carried out as per the Methods section and confirmed prior to experiments ( Supplementary Fig. 3A , B and 4A). Knocking down HMGB1 using shRNA or depleting mtDNA from the cancer cells, significantly decreased the activation of p38, p65 and JNK. We found similar findings above using Huh7 cells treated with the same conditions (data not shown). In addition, depleting both HMGB1 and mtDNA in the same cell or adding TLR9 antagonist (ODN 2088, 3μM) resulted in a more pronounced decreased in MAP kinase activation when compared to hypoxia or depleting either HMGB1 or mtDNA. These results paralleled the responses for tumor cell proliferation as evidenced by the MTT assay (Fig.  4C) . In contrast, when we treated Hepa1-6 cells with HMGB1 (1 μg/ml) or mtDNA (10 μg/ml) for 24 h, there was a significant increase in the activation of MAP kinases. This effect was more pronounced when both HMGB1 and mtDNA were present and significantly decreased with the addition of a TLR9 antagonist (Fig. 4D) . Again, the results of the MAP kinase activation in the different groups paralleled the results of the tumor cell proliferation as evidenced by the MTT assay (Fig. 4E) . We also found that adding an HMGB1 neutralizing antibody (10 μg/ml), to prevent HMGB1-mtDNA complex formation, attenuated the activation of MAP kinases (Fig. 5F ). Studies have shown that the tumorigenic effects of TLR9 depend on NF-κB mediated up regulation of IL-6 expression [27, 28] . Since we found that HMGB1 and mtDNA increased the activation of NF-κB via TLR9, we examined the downstream effect of NF-κB in increasing IL-6 expression. Indeed, we found that IL-6 was significantly elevated in the TLR9 agonist, HMGB1, and mtDNA treated groups and decreased in the groups treated with TLR9 antagonist or depleted from mtDNA or HMGB1 (Fig. 4G ).
TLR9 and HMGB1 promote tumor growth in vivo
Our above findings demonstrate that TLR9 stimulation by both mtDNA and HMGB1 increases cancer cell proliferation. To confirm that TLR9 regulates the growth of HCC tumors in vivo, we engrafted Hepa1-6 cells transfected with either empty vector or TLR9 shRNA plasmid into the flanks of C57BL/6 mice and monitored the mice weekly for tumor size changes (n=9 mice/group). Four weeks following injection, the mice were sacrificed and their xenografted tumors were examined. Tumor nodule volumes were greater in the control group compared with the TLR9 shRNA group (Fig. 5A, B ).
In addition, we studied the role of HMGB1 in promoting HCC growth. Constitutively active HMGB1 was stably transfected into the murine Hepa1-6 HCC cell line, and HMGB1 expression was confirmed via Western blot ( Supplementary Fig. 4A ). Stable HMGB1 expressing Hepa1-6 cells displayed a significant increase in cell growth in a time-dependent manner compared with the vector control transfected cells (Fig. 5C) . In contrast to HMGB1 overexpression, stable knockdown of HMGB1 using siRNA in Hepa1-6 cells considerably decreased cell growth, as evidenced by the MTT assay ( Supplementary Fig. 4B ). To determine whether HMGB1 also regulates the growth of HCC tumors in vivo, we engrafted the Hepa1-6 cells transfected with either empty vector or HMGB1 shRNA plasmid into C57BL/6 mice and monitored the mice weekly for tumor size changes (n=6 mice/group, three independent experiments). Four weeks following injection, the mice were sacrificed and their xenografted tumors were examined. Tumor volumes were greater in the control group compared with the HMGB1 shRNA group (Fig. 5D , E).
Discussion
Overcoming hypoxic conditions is crucial for the progression and survival of solid tumors.
The link between hypoxia and tumor progression has been recognized for decades; and, the extent of hypoxia in a solid tumor may represent an independent predictor of poor outcome [29] . In HCC, regions of hypoxia are commonly present throughout the tissue because of areas of necrosis, irregular blood flow, and poor oxygen diffusion across an ever growing tumor [30] . The mechanisms by which tumors activate responses to survive and progress despite the hypoxic microenvironment remain unclear. TLR9 is an innate immunity receptor that recognizes self and microbe-derived DNA [9, 10] . Although widely overexpressed in many tumors, the contribution of TLR9 to cancer pathophysiology remains incompletely understood [20, 21] . We have found that TLR9 is overexpressed in human HCC tissue where hypoxia is common and also in HCC cancer cell lines subjected to hypoxia. In addition we demonstrate that TLR9 is essential for HCC cells to proliferate under hypoxic conditions. The regulation of TLR9 signaling and the physiological ligands which may induce TLR9 mediated tumor growth remain poorly characterized. Here we have provided novel evidence that HMGB1 can interact with and bind to mtDNA in the cytoplasm and mediate the growth of tumor cells under hypoxic conditions by the activation of TLR9 signaling pathways (Fig. 6 ).
DAMP molecules are normally released by damaged or stressed tissues to 'notify' the immune system of tissue injury or impending danger. These molecules can originate from several different tissue compartments and essentially any cellular compartment. HMGB1 is a prototypical DAMP that intensifies the inflammatory response to injury. However, in cancer, HMGB1 has been reported to play paradoxical roles in both cancer cell survival and death [31] . In the nucleus, HMGB1 has antitumor roles in tumorigenesis. HMGB1 impacts chromosomal stability by maintaining telomere length through regulating telomerase activity and by directing DNA repair mechanisms [32] . In addition, HMGB1 functions as a tumor suppressor in breast cancer by directly binding to well-known tumor suppressor protein Rb and regulating its activity [33] . As an extracellular protein, HMGB1 has a predominant role of stimulating tumor growth and survival by sustaining a proinflammatory microenvironment, increase ATP production in cancer cells, and promotion of invasion, metastasis and angiogenesis [31] . The actions of HMGB1 in the cytoplasm of cancer cells remains less studied with regards to tumor pathophysiology compared to its well delineated nuclear and extracellular roles. Our results show that in HCC, HMGB1's dominant role is protumorigenic as cancer cells treated with HMGB1 shRNA have significantly lower proliferation rate and less tumor growth when subjected to hypoxia or when injected in mice. In addition, we describe a novel mechanism through which HMGB1 contributes to HCC growth, i.e. by activation of TLR9 pro-tumorigenic signalling pathways. This body of work enhances our previous published findings that shows that HMGB1 levels are significantly elevated in patients with HCC and that HMGB1 can interact with its receptors RAGE and TLR4 to promote HCC metastasis [34] .
Nucleic acids have been shown to be a potent trigger of innate inflammatory responses [35] .
One of the more recent functions attributed to HMGB1 is that it can sense nucleic acids and is involved in the activation of all nucleic sensing TLRs (TLR 3, 7 and 9) [8, 36] . Both Tian et al. and Ivanov et al. demonstrated the role of HMGB1 in sensing circulating CpG-DNA immune complexes resulting in TLR-9 dependent augmentation of the inflammatory response [7, 36] . Even though the role of HMGB1 as a nucleic acid sensor has been well studied in autoimmune disease pathophysiology, this is the first report relating it to tumor pathophysiology. Similar to CpG ODN, mtDNA has CpG rich motifs, and thus we hypothesized that HMGB1 can sense mtDNA in a similar way as CpG ODN and other nucleic acids. In this study, our data support an innovative role of cytoplasmic HMGB1 as a sensor of mtDNA where it senses and binds to mtDNA in the cytoplasm. This complex later activates TLR9 to assist the cancer cells in surviving hypoxia. Although mtDNA by itself can stimulate tumor growth as shown for the first time in our study, HMGB1 is needed for the full effect of mtDNA activation of TLR9 signaling pathways. This solidifies the function of HMGB1 as a co-ligand for nucleic-acid receptors, such as TLR9. The binding of mtDNA to HMGB1 is required for more effective recognition and subsequent activation of TLR9 to enhance tumor growth under hypoxic conditions.
The mechanisms by which hypoxia is associated with tumor progression remain unclear and understanding the pathways involved is critical to develop new therapies. Our study proposes a novel mechanism by which HCC cells can turn hypoxic insults to their advantage to proliferate. Hypoxia is common in HCC due to the intrinsic fact of the high cancer proliferative rate. In addition, treatments aimed to cure HCC can actually accentuate tumor hypoxia. Surgery remains the cornerstone for the treatment and possible cure of HCC, but because portal triad clamping is a common maneuver during hepatectomy to control bleeding, the resultant hypoxia and release of DAMPs from this procedure may contribute to the growth of micro-metastatic disease and explain the high rates of recurrence postoperatively [37] . In addition, transarterial chemoembolization and radioembolization rely on causing increased tumor hypoxia as one of the mechanisms to kill tumor cells [38] . The targeted hypoxic tumor cells can eventually release HMGB1 and mtDNA that may act on distant non-targeted liver tumors in which TLR9 is overexpressed. Therefore, targeting TLR9 may represent an adjunct treatment in the battle against HCC.
In conclusion, our study shows that TLR9 is overexpressed in HCC and contributes to tumor growth in response to hypoxia. HMGB1 plays a pivotal role in TLR9 activation during hypoxia by way of mediating the binding of mtDNA and TLR9 with the subsequent activation of protumorigenic signaling pathways. These findings support the notion that TLR9, HMGB1 and mtDNA are suitable targets for the development of new anticancer drugs against hypoxia-driven tumor growth.
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